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Background: The purpose of this study was to evaluate the potential value of circulating
miRNA-122a and miRNA-221 in the diagnosis of hepatocellular carcinoma.

Methods: Serum samples were obtained from 85 patients with hepatocellular carcinoma and
85 age-matched and sex-matched healthy volunteers. miRNAs were isolated from the serum
samples, and alfa-fetoprotein levels were determined. Expression of miRNA-122a and miRNA-
221 in cases and controls was quantified using U6 sn RNA as the internal control. The diagnostic
value of miRNA-122a, miRNA-221, and alfa-fetoprotein was compared by receiver operating
characteristic analysis.

Results: The serum miRNA-122a level in patients with hepatocellular carcinoma was signifi-
cantly reduced in comparison with healthy controls and correlated with known risk factors for
hepatocellular carcinoma. Circulating miRNA-221 in patients with hepatocellular carcinoma
was higher compared with the control group, but the difference was not statistically significant.
Receiver operating characteristic analysis revealed that the diagnostic power of miRNA-122a
was suboptimal compared with serum alfa-fetoprotein. Further, the serum alfa-fetoprotein and
miRNA-122a combined classifier resulted in performance similar to that of alfa-fetoprotein
alone.

Conclusion: The serum miRNA-122a level correlates with risk factors for hepatocellular
carcinoma. However, use of miRNA-122a as a diagnostic tool for hepatocellular carcinoma is
not superior to alfa-fetoprotein. Further analysis is needed to evaluate the diagnostic power of
plasma miRNA-122a for hepatocellular carcinoma.

Keywords: circulating miRNA, miRNA-122a, miRNA-221, hepatocellular carcinoma, alpha-
fetoprotein, molecular diagnostics

Introduction
Hepatocellular carcinoma (HCC) is the fifth most common malignancy and the third
leading cause of cancer mortality worldwide. Each year, there is an incidence of more
than 500,000 cases and 600,000 HCC-related deaths. In general, men are more likely
to develop HCC than women. The incidence of HCC is highest in regions endemic for
hepatitis B virus (HBV), such as People’s Republic of China and southeast Asia.' HCC
is highly malignant and deadly, mainly due to the fact that only a small fraction of HCC
is operable at the time of diagnosis, when patients are already at an advanced stage of
disease and consequently have a very poor prognosis.? Therefore, early detection of
HCC is essential for successful treatment and better survival.

Despite the great need for a sensitive and specific early diagnostic marker of HCC,
the diagnosis still relies on the serum alpha-fetoprotein (AFP) level coupled with
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diagnostic ultrasound. AFP and ultrasound screening results
in both underdiagnosis of a significant number of patients
with HCC and a number of false positives in patients with
more benign liver disease, such as hepatitis and cirrhosis.*>
Therefore, identifying novel and noninvasive biomarkers to
detect HCC with high sensitivity and specificity is a high
priority to improve the prognosis and survival in patients
with HCC.

MicroRNAs (miRNAs) are approximately 22-nucleotide,
noncoding, endogenous RNA molecules with an important
role in a number of biological processes, including embry-
onic development, cell differentiation, and tumorigenesis.¢
Some miRNAs have been found to have oncogenic or
tumor-suppressive properties.” Moreover, miRNA expression
profiles can be unique to malignant tissues, and also specific
to certain types of cancer.’?

An HCC-specific miRNA expression profile has been
identified and found to distinguish liver tumors from normal
liver tissue with high accuracy.* A subsequent study found
miRNA-221 to be elevated in HCC.?® Overexpression of
miRNA-221 downregulated levels of cyclin-dependent kinase
inhibitors, ie, CDKN1B/p27 and CDKN1C/p57,'“"" which
are related to a poor prognosis in patients with HCC.'>!3 In
addition, expression of miRNA-122a, a liver-specific and the
most abundant miRNA in the liver, is repressed in HCC.'*1
These decreased miRNA-122a levels are associated with a
poor prognosis and metastasis in HCC,'¢!7 which also con-
tributes to the malignant phenotype of HCC cells.'® However,
these studies analyzed miRNA expression in patient tumor
tissues, prompting a need for specific analysis of blood
samples.

Given that circulating miRNAs can be used as blood-
based markers for detection of cancer,'’ we hypothesized that
miRNA-122a and miRNA-221 could serve as noninvasive
circulating biomarkers for diagnosis of HCC. We investigated
miRNA-221 and miRNA-122a expression in serum samples
from a group of patients with HCC and controls matched for
age and sex. As a control for the diagnostic technique, we
also measured AFP levels in the same cohort.

Materials and methods

Patient information

Eighty-five patients being treated for HCC at the Third
Military Medical University Affiliated Daping Hospital
from January 2011 to June 2012 were enrolled in the study.
In all cases, a pathologist confirmed the clinical diagnosis
of HCC. Eighty-five volunteers matched for age and sex
were also recruited as controls. All patients and volunteers

consented to the study and were investigated for family
medical history. The study was reviewed and approved by
the medical research ethics committee. Informed consent
was obtained from each subject prior to data collection and
drawing of blood. A questionnaire was used to collect the
data from all study subjects, which included age, sex, family
history, tobacco smoking, alcohol consumption, and HBV
infection. Information on hepatitis C virus (HCV) infection
was not collected.

Plasma preparation

First, 2 mL of peripheral venous blood was collected,
supplemented with EDTA to avoid coagulation, and stored at
room temperature for no longer than two hours before further
processing. To isolate plasma, blood samples were centri-
fuged at 1200x g for 10 minutes at 4°C. The supernatants
were then transferred to 1.5 mL Eppendorf tubes and cen-
trifuged further at 12,000x g and 4°C to pellet the cellular
components, which were then discarded. The purified plasma
samples were transferred to fresh Eppendorftubes and stored
at —80°C for future miRNA extraction.

MiRNA extraction

Total RNA was extracted from plasma using BioZOL™
total RNA extraction reagent (Hangzhou Bioer Technology,
Hangzhou, People’s Republic of China), according to the
manufacturer’s instructions. The resulting RNA samples
were dissolved in 40 pL of nuclease-free water and stored
at —80°C for future use.

Quantification of plasma miRNA

Expression of serum miRNA-221 and miRNA-122a was
measured using SYBR Green microRNA quantitative reverse
transcription polymerase chain reaction reagents (CoWin Bio-
tech Co, Ltd, Beijing, People’s Republic of China). Next, 2 uL
of total RNA was reverse-transcribed at 42°C for 30 minutes
using miRNA-specific reverse transcription primers. During
real-time quantitative PCR reaction, 2 uL of reverse transcrip-
tion products were used as the template. The primers used
in the quantitative miRNA PCR were as follows: miRNA-
221(5’-AGC TAC ATT GTC TGC TGG GTT TC -3"),
miRNA-122a (5-TGG AGT GTG ACA ATG GTG TTT
GT-3"), and U6snRNA (5’-CAC CAC GTT TAT ACG CCG
GTG-3"). Melting curve analysis was performed at the end
of the PCR cycles in order to validate the specificity of the
expected PCR product. The PCR reaction was performed in
triplicate for the miRNA in each sample. The reaction condi-
tions were as follows: 95°C for one minute, 50 cycles at 95°C
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for 15 seconds, and 60°C for 30 seconds. The Ct values were
determined using SDS2.1 software. The quantitative value for
a given sample of miRNA was calculated by subtracting the
Ct value of U6 RNA, which served as the internal reference.
The relative expression of specific miRNA was determined
by the ACt value, which was defined as ACt = (Ct miRNA of
sample x — Ct UGRNA of sample x).

Serum AFP detection

Serum AFP values were determined by AFP chemilumines-
cence assay using a Beckman 1800 luminometer (Beckman
Coulter, Chongqing, People’s Republic of China). The
normal maximum AFP value is 9 ng/mL.

Statistical analysis

The statistical analysis was performed using Statistical
Package for Social Sciences version 15.0 software (SPSS
Inc, Chicago, IL). The relative expression of miRNA in our
samples demonstrated a normal distribution, so statistically
significant differences in miRNA levels between the cases
and controls were determined by the independent samples
test. Data on the relative expression of miRNA is shown
as the mean * standard deviation. Comparison of percentages
was done using the Pearson Chi-square test or Fisher’s Exact
test. Diagnostic values for the different classifiers (miRNAs
or AFP) were determined by calculating the area under the
receiver operating characteristic (ROC) curve. P < 0.05 was
considered to be statistically significant.

Results

Patient characteristics

Eighty-five patients diagnosed with HCC as previously
reported? were included in this study, and 85 volunteers
matched for age, sex, and HBV infection served as controls
(Table 1). The AFP level was significantly higher in the
HCC group compared with the controls (Table 1). Tumor-
node-metastasis staging of the HCC patients® is shown in
Table 2.

Serum miRNA-221 and miRNA-122a

levels in cases and controls

MiRNAs were isolated from the peripheral venous blood of
patients and controls. miRNA-221 and miRNA-122a levels
were quantified using the SYBR Green quantitative reverse
transcription PCR assay with U6RNA as the internal control.
Consistent with a previous report of miRNA-122 being sup-
pressed in HCC tissue,'* we observed a significantly lower
miRNA-122a level in serum samples from HCC patients

Table | Clinical and demographic characteristics of patients with
hepatocellular carcinoma and healthy controls

Variables Cases (n = 85) Controls (n=85)  P-value
n % n %

Averageage  53.6 £ 12.0 50.8 £ 13.0 0.154*
(years)
Sex

Male 70 824 69 8l1.2

Female 15 176 16 188  0.843°
Hepatitis B virus

Positive 75 882 69 8l1.2

Negative 10 118 16 188 0.201°
Alfa-fetoprotein

Positive 67 788 | 1.2

Negative 18 212 84 988  <0.001¢

Notes: *Independent samples test; ®Pearson Chi-square test; ‘Fisher’s Exact test.

in comparison with those from controls (Figure 1 and
Table 3). We also observed higher miRNA-221 expression
in the patient group, but the difference was not statistically
significant (P = 0.225, data not shown).

Serum miRNA-122a level correlates

with multiple risk factors for HCC

Given that serum miRNA-122a levels were significantly
lower in HCC patients, we further analyzed the correlation
between serum miRNA-122a level and classic risk factors
for HCC. As shown in Table 4, miRNA-122a expression was
significantly lower in men with HCC than in women with the
disease. A trend of lower miRNA-122a expression was also
found in patients who smoked cigarettes, consumed alcohol,
had a family history of HCC, or were positive for HBV
infection (Table 4). These results show that miRNA-122a
expression is associated with known risk factors for HCC.

Diagnostic potential of circulating
miRNA-122a and AFP in HCC

We used ROC curves to compare the ability of serum
miRNA-122a to discriminate between patients with HCC
and controls with that of circulating AFP. Consistent with

Table 2 Clinical staging of patients with hepatocellular carcinoma

OncoTargets and Therapy 2013:6

TNM stage Cases, n (%)
1l I (12.9)
A 16 (18.8)
B 19 (22.5)
IVA 16 (18.8)
IVB 16 (18.8)
Other* 7 (8.2)
Note: *Patients without enough medical investigation for staging.
Abbreviation: TNM, tumor-node-metastasis.
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Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Luo et al Dove
Table 4 Correlation between serum miRNA-122a and known
600 o risk factors for HCC
o HCC risk factors Group n miRNA-122a* P value®
013 Age, years 40-60 51 059+1.33 0.987
4.00 — _ <40 or >60 34 0.60+1.35
Sex Male 70 044+ 134 0.018
Female I5 1.32+£098
Smoking status Ever/current 35 030+ 1.27 0.083
2.00
8 Never 50 0.80+1.34
< Alcohol Ever/current 28 0.45+ [.32 0.503
consumption Never 57 0.66+1.34
000 Cirrhosis Yes 47  0.65+1.25 0.676
No 38 0.53+1.43
Family history Yes 4 058+1.28 0.069
%6 of HCC No 8l 065+ 1.3l
2004 °91 HBV Positive 75 049+ 1.25 0.054
o Negative 10 135+1.70
AFP Positive 67 0.55+1.28 0.572
| I Negative 18 075+£1.53
HCC NC

Group

Figure | Relative expression of miRNA-122a in patients with hepatocellular
carcinoma and controls.

being the classic HCC diagnostic marker, AFP showed a very
high area under the concentration-time curve (AUC, 0.935),
with a cutoff value was 4.69 ng/mL, resulting in a sensitivity
of 85.9% and a specificity of 98.8% in separating cases and
controls. The ROC curve for plasma miRNA-122a expres-
sion levels had an AUC of 0.707, with 70.6% sensitivity and
67.1% specificity, respectively, at a cutoff value of 1.205
(ACt). The ROC curve for the combined classifier (AFP and
miRNA-122a) resulted in the highest AUC (0.943) with a
sensitivity of 87.1% and a specificity of 98.8% (Figure 2 and
Table 5), which was significantly better than that of miRNA-
122a. However, the performance of the combined classifier
was not significantly better than AFP alone.

Discussion

In recent years, miRNAs have emerged as a new class of
diagnostic tools for identification of cancer. Because miRNA
expression profiles are tissue-specific and differ between
malignant and normal tissues, this class of small RNAs may

Table 3 Relative expression of miRNA-221 and miRNA-122a in
patients with hepatocellular carcinoma and controls

Variables Cases (n = 85) Controls (n = 85) P value
ACt (221) ~2.10 £ 1.02 —2.53 + 1.43 0.225°
ACt (122a) 0.74 £ 1.87 1.72 £ 1.77 <0.001°

Notes: *Independent samples test; "Mann—Whitney U test (median = Q, skewed
distribution).

Notes: *Mean * standard deviation of ACt miRNA-122a; Yindependent samples test.
Abbreviations: AFP, alfa-fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma.

be able to serve as a marker to discriminate tumor tissue from
normal tissue or for prognostic purposes.?' Although several
groups have investigated the role of miRNA as a tumor
marker in HCC,?2° most of the reports have used histological
specimens, and so have limited clinical significance. Given
that miRNAs are stable in the circulation, we propose that
they may serve as ideal noninvasive biomarkers for diagno-
sis of HCC. Therefore, we analyzed plasma levels of two
miRNAs in patients with HCC and controls, and evaluated
their diagnostic performance in the context of AFP, the
conventional diagnostic marker of HCC.

Although miRNA-221 levels have been reported to be
elevated in HCC tumors,?’ the difference in serum miRNA-221
levels between patients with HCC and controls was not sta-
tistically significant in our study. Given that miRNA-221 is
expressed in organs as well as the liver,? our results suggest that
tumor tissue is not the only source of serum miRNA-221. Fur-
ther studies are needed to investigate the relationship between
tumor and serum miRNA-221 levels, and any differences in
miRNA-221 levels between different organs to confirm the lack
of a diagnostic value of serum miRNA-221 in HCC.

Expression of miRNA-122a is liver-specific and accounts
for about 70% of total miRNA expression in the liver. Recent
studies have demonstrated that miRNA-122a expression is
decreased during liver tumorigenesis and miRNA-122a can
act as a tumor suppressor. Consistent with these findings,
we observed a significant decrease in serum miRNA-122a
levels in patients with HCC compared with controls. In
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Figure 2 Receiver operating characteristic curves for serum AFP, miRNA-122a and the combination of AFP and miRNA-122a.

Abbreviation: AFP, alfa-fetoprotein.

apparent contrast, Xu et al® indicated that serum miRNA-
122 is elevated in patients with HCC compared with healthy
controls. However, the results obtained by Xu et al and our
results are the same, with the only difference being the defini-
tion of ACt used. Further, serum miRNA-122a levels in our
study were correlated with multiple well known risk factors
for HCC, including sex, cigarette smoking, consumption of
alcohol, HBV infection, and family history of HCC. All these
data strongly suggest that serum miRNA-122a is a promising
diagnostic marker for HCC.

Next, we explored the diagnostic potential of miRNA-
122a by calculating AUC values on the ROC curve for both
serum miRNA-122a and AFP. Interestingly, the AUC of AFP
(0.935) in our study was much higher than the range previ-
ously reported (0.712-0.830).3°32 We reasoned that the high
AUC observed in our study was probably due to the fact that
most of our patients had late-stage HCC, and therefore had a
significantly higher AFP level. The ROC curve for miRNA-

122a gave a promising AUC value of 0.707, with a sensitivity
0f 70.6% and a specificity of 67.1%. Although lower than the
AUC for AFP, the diagnostic performance of miRNA-122a in
our study is comparable with that of AFP (AUC 0.712-0.830),
the AFP immunocomplex (AUC 0.691), squamous cell car-
cinoma antigen (AUC 0.703), and squamous cell carcinoma
immunocomplex (AUC 0.694) from previous studies in
patients with HCC.**3* Combining the miRNA-122a classi-
fier with the AFP level, the AUC value was slightly increased
compared with AFP alone, suggesting that miRNA-122a
may be of some diagnostic value. However, in our study, the
diagnostic power of AFP was significantly superior to that
of miRNA-122a, and the combined classifier did not result
in significantly better performance than AFP alone. These
findings establish that serum miRNA-122a has some value
as a diagnostic marker, both individually and in combination
with AFP. However, AFP levels remain the gold standard for
diagnosis of HCC. Further studies on circulating miR122a in

Table 5 Comparison of receiver operating characteristic curves for serum AFP, miRNA-122a, and the combination of AFP and

miRNA-122a

AUC 95% ClI Sensitivity (%) Specificity (%) P value
miRNA-122a and AFP 0.943 0.897-0.973 87.1 98.8 <0.0001*
miRNA-122a 0.707 0.632-0.774 70.6 67.1 <0.0001°
AFP 0.935 0.887-0.967 85.9 98.8 0.4359¢
Notes: *miRNA-122a and AFP ~ miRNA-122a; "miRNA-122a ~ AFP; ‘miRNA-122a and AFP ~ AFP.
Abbreviations: AFP, alfa-fetoprotein; AUC, area under the concentration-time curve; Cl, confidence interval.
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patients with early-stage HCC will be essential to determine
the diagnostic potential of miR122a in liver cancer.

Lanford et al** found that miRNA-122a was involved in
regulating viral replication in HCV-related liver cancer, sug-
gesting that the miRNA-122a expression level may be associ-
ated with the rate of HCV infection. In our study, information
on HCV infection was not collected. Unlike in western popula-
tions, HCV infection is not a major risk factor for HCC in the
People’s Republic of China. Instead, HBV infection is a more
significant risk factor for HCC in the Chinese population.3*
Studies from several groups have demonstrated that endog-
enous miRNA-122a can inhibit expression of HBV, suggesting
arole for miRNA-122a in HBV-related liver cancer.***' In our
study, serum miRNA-122a levels in HBV-positive patients
tended to be lower in comparison with those in HBV-negative
patients (Table 4). This observation suggests that, in addi-
tion to being suppressed by miRNA-122a, HBV may inhibit
miRNA-122a expression and presumably increase the risk
of HCC in HBV-positive individuals. We know that people
with HBV infection can develop chronic hepatitis, therefore
some HBV-positive volunteers may could not be referred to
as healthy control but because this study included only 85
controls, and we could not exclude HBV-positive controls or
divide them into groups according to the presence or absence
of HCC and chronic hepatitis.

In summary, our data suggest that the serum miRNA-
122a level has some value as a diagnostic tool for HCC. It
is possible that serum miRNA-221 levels do not correlate
well with miRNA levels in tumor tissue, so miRNA-221 may
not be able to serve as a noninvasive diagnostic marker for
HCC. In the present study, we included only 85 patients and
the same number of matched controls. Future investigations
including larger patient populations and patients with early-
stage HCC are needed to confirm the potential diagnostic
value of miRNA-122a in HCC.
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